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(54) ELECTRONIC DEVICE MAMJFACTURING APPARATUS AND METHOD THEREFOR 

(57)Abstract: 

PROHl.HM TO Hi; SOLVIiH: To enable high- frequency electric powers to be applied 
to each of tw o pairs of electrodes installed iii a \ acuiini \ cssel. w ithout making ]ilasma 
iiiteifere with each other. 

SOU riTON: A \ acuiim \ essel 1 , equipped w ith a first pair of electrodes 2A and 3 A and 
a second pair of electrodes 2B and 3B inside, a gas inlet 7 through which material gas in 
introduced into the vacuum \ essel 1 . and a first and a second ]iow er supplv 4 A and 4B. 
which apph pul.se-modulated high-frequency \oltages between the first electrodes 2A 
and 3A and between the second electrodes 2H and 3H respectively to cause ]ilasina 
generation bv discharging, and the fu st jiower sujiph 4A and the second power su[ipl\ 
4H are controlled so as not to make their \'oltagc pul.scs o\ erla|i tem]iorally with each 
other. 
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+ NOTlCliS * 

Japan Patent Office is not responsible for any 
deunages caused by the use of this translation. 

I , This diKUiiicnt lias been translated In eompiiter.So the translatum nia\ not l ellect the original preeiseh 
2 **♦+ s;iii,\\s the word whieli ean not be translated 
3. In the draw ings. an\ w ords are not translated. 



CLAIMS 
|C'laim(s)| 

I Claim 1 1 It is the electron de\ ice nianuractiii ing installation b\ w hich the high-rreqiiencv \ oltage w hich carried out pulse 
moduhilion is impres.sed to the vacuum housing w hich has the 1st and the counterelectrode of the 2nd pair inside, the gas 
induction which introduces material gas into a \ acuum housing, and mtcr-elcctriide | the 1 st and inter-electrode / ot'the 2nd pair |. 
respeeti\ elv. thev arc eqiiipiied w ith the 1st and 2nd power sup]il\' .sections which cany out plasma electric discharge, and the 1st 
and 2nd ]xn\ er supplv sections are controlled so that the ON time of a modulation pulse does not lap mutually. 
I Claim 2 1 1 ligh-t'requcncv voltage is an electron de\ ice nianulacturmg installation according to claim 1 which has Ireqtiency in the 
band of a radio \va\e - ultrahigh frequency. 

I Claim ?> I A modulation pulse is an electron dev ice manufacturing installatuin according \o claim 1 or 2 w hich w hose ON time is 
1 - 100 microseconds, and has Ol-'b time in the range for 5 - 500 microseconds. 

I Claim 4] A modulation pulse is the electi (.)n device manufacturing in.stullation of any one publication of the claim 1 -.1 whose duty 
ratio IS 20% or less. 

I Claim 5 1 The \'oltage w hich eonsi.sts of the process w hich installs a u\>rkpiece-ed in the interior iiiter-eleetrode | of the each set 
of the vacuum housing w hich has the 1 st and the electrode of the 2nd pair w hich counters |. a process which introduces material 
gas into a vacuum housing, and a process which impresses the high-frequencv \ oltage which caiTied out pulse modulation to the 
1st and inter-eleetrode | of the 2nd pair |. respecti\ ely. and carries out plasma electric discharge, and is impressed lo the 1st and 
inter-eleetrode. respectn elv is the electron de\ ice manufacture method controlled so that the ( )N time of a modulation 
I Claim 6] 1 ligh-frequenc\' \'oltage is the electron dev ice manufacture method acct)rding Ui claim 5 w hich has frequency in the 
band of a radio w a\ e - ultrahigh frec|uencv. 

|Claim 7| A modulation )iulse is the electron device manufacture method according to claim 5 or 6 which who.se ON time is 1 - 
100 microseconds, and has Ol-T time in the range for 5 - 500 microseconds, 

|Claim S| A modulation pulse is the electron device manufacture method of an\' one publication of the claim 5-7 that a duty ratio 
is 20% or less. 
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l)i; i All.Hl) niiSCRll'TlON 
[Detailed Description ofthe In\cntion| 

joooi] 

(The technical lield to which invention belongs] This inxention relates to the siiit;ible electron device manul'actiiring installation 
for the plasma etching s\ stem used in order to ]irocess an electron device manul'actunng installation, the ]ilasnia excitation 
chemical-vapor-deiiosition equipment (hcnceroilh plasma CVD equipment) used for the manul'acture of semiconductor films, 
such as a hydrogenation amoiphous silicon (hcncefoilh a-Si:l 1). or an insulator lavcr m electronic industn in more detail about 
the method or a semiconductor device, a liciuid cn stul device, etc.. and the electron device manufacture method. 
|()()02| 

(Description ofthe Prior All] The |ilasiiia CVD C(.]uipment which ]ilasma-e\cites. decompi)ses material gas and deposits a thin 
film from u gaseous ]ihase. or the plasma etching svstein used in order | the | to |irocess a semiconductor de\ ice. a liquid cn.stal 
display element, etc. conversely is w idely used for manufacture oi' m electron de\ ice tiidav lor the metal membrane / 
semiconductor lilm / dielectric film, or the cn stal wafer 

In these manufacturing installations, in order to realize a high thrc)Ughput (throughput), it is veiy impoilant to process 
many substrates at once. Therefore, a policv. such as increasing the number of enlarging si/e c)f a reaction chamber and enlarging 
the electre)de si/e of a cathode electrode and an anode electrode, and cathode electrodes and anode electrodes, is taken. 
|()()04| Moreover, it is also impoilant hv making ]irocessing speed of equi]iment high to reali/e a high throughput. About film 
de|iosition, the high speed and tjuahty a-Si:l 1 film growth technologv bv the short |iulse and the VI 11-' plasma CVD method are 
known (tor eNample. refer to .IP.7-166:^5S.A). 
1 0005 1 

|Probleni(s) to be Solved by the lnvention| Although processing speed will be earlv made with plasma CVl) eciuipment ifeleclric 

discharge power, electi ic discharge I'requencv. etc, are made to increa.se. if a certain limit is eseeeded. the unusual electric 

discharge phenomenon in which particle (powder) occurs or electric discharge takes place except the space (space in which the 

substrate to ]irocess is installed) to wish w ill occur, and desired ]irocessing w ill become impossible, 

|0()()6| In order to suppress generating of particle, it is known that pulse modulation electric di.scharge is effective 

(Appl l'hvs.Lett.. 57, 1 616(1 990). and Y.Watanabe et al, ), On the other hand, the electric discharge power with w hich unusual 

electric discharge begins to occur will be decided bv the electric discharge freciuencv currentlv u.sed. the si/e of an electrode, etc 

fherefore. m order to reali/e the further high throughput, it is necessan to increase processing main substrates at once. i,e,. the 

number of electrodes 

|00()7| 1 lovvever, if two or more electrodes are installed in one space (inside of a vacuum housing) and \iV ]iovver is iin|ires.sed to 
them, the mutual mtert'erence of iMa.sma will occur, an unusual electric discharge |ihenonienon becomes easv to occur, and there is 
a ]iiobleni that the iirocessing sjieed per electrode will I'all. compared with the case where the number of electrodes is one, 
|000S| the ]irocessing .sjieed per electrode does not fall but this invention oHers the manufacturing installation and method of 
boiling the mass-production efficiencv olThese electron dev ices inai kedlv , and improv iiig in electronic industrial fields using the 
a-Si:l 1 svstem thin film, such as a solar batten and a liquid cn stal displav element, as a result, w hen it is made in consideration of 
such a situation and proces.ses two or more substrates using two or more electrodes 
|0009| 

(Means loi" Solving the Problem | This invention impresses the liigh-freiiuencv voltage which carried out jiulse modulation. 
ies|->ectiv ely to the v aciiuni housing which has the 1 st and the eountei electrode ofthe 2nd pan inside, the gas induction which 
introduces material gas into a v acuuin housing, and inter-electrode | the I st and inter-electrode / ofthe 2nd |-ian |. and et]ui|is 
them Willi the 1st and 2nd power supjilv sections which earn init iilasiiia electiic discharge, and the 1st and 2nd jiower supplv 
sections oU'er the electron dev ice manufacturing installation controlled so that the ( )N time ol'a modulation pulse does not lap 
mutuallv 

|0010| Moreover, the |iidcess to which this invention installs a woikpiece-ed in the interior inter-electrode | ol'each set ofthe 
vacuum housing winch has the Isl and the electrode ol'llie 2iid pair which counters |. It consists of a process which introduces 
material gas into a v acuum housing, and a process v\hich impresses the liigli-liei.|uencv voltage w hich carried out pulse 
modulation to the 1st and iiitei -electrode | ofthe 2nd pair |. respectiv elv . aiul carries out plasma electric discharge The voltage 
impressed to the 1 st and iiiter-elecliode | ofthe 2nd pan |. respectiv elv offers the electron device manufacture method controlled 
so thai the ( )N time of a iiiodiilatioii pulse does not laji mutuallv 
|OOI1| 
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I liinboJinicnts nl'tlic ln\cnlion| The 1 st and the eountereleetmdes iit'lhe 2nJ pair m tins iin eiUinn ma\ be at least two |iaiis of 
i-iMiiii[Tr'lcrtn\,l,-v h'j th.ree r.U'ie ji;:;:.'. >'l e,'.;iri'.e!tle..'u\iiJ^.-. A i^nunii-i i.'ci.innji. i> an |iaialie'i juaie eiecuoae wiiicli 

I'aeed niuluall\ . tor example, 

I (Mil 2 1 And a \uiik|iiece-ed, lor e\am]ile. a w at'ef. is installed tui one Dl'eleetrodes anumg the counterelectiodes ol eaeh set 
Usually, the electrode ol'the side which installs a workpiece-ed is called cathode electrode, and is grounded In this case, a re\'erse 
electrode is called anode electrode 

1 00 1 .1 1 The \'aciiiini housing in this nneiUion is a container which holds the gas ** to the ]ircssuie of about 10-1-1 Torr, when 
material gas is introduced into the interior In lonnmg an a-Si:l 1 film as plasma L'VD equipment using this equipment as material 
gas - Sil 14 Or Si two 1 16 or these gas - CI 14. C2 1 16. PI 1."^. H-2 1 16. and (iel 14 What added either, or added and diluted 1 12. or 
helium. Ar. Xe and Kr is used. Moreo\ ei . w hen foniung Si o.\ide film, as material gas. a Sil 14-N2 O sN steni is used, lor example. 
|0()14| furthermore - the time of a work|iiece-ed liemg Si as reactant gas in the case of using this equiinnent as a ]-ilasma etching 
system - CF4. eT- 3 LT. Ch2 CT2. ChCLi. Ch3 Br. and CCT4 etc, - it uses - having - a workiiiece-ed - Si( )2 it is - the time - 
CI-4. C2 l-'6. C.I l-'S. and CI IV^ etc, - it is used 

|00 1 5| Moreover, gas induction is a means to sup|il\ gas to a vacuum housing from a chemical cylinder. You niav be dilTercnt 
frequence although it is the power suppK w hich outputs the high-frequenc\ voltage which earned out ]Xilsc modulation and it is 
desirable that it is the same freqiienc\' as for the Rl' output, in order that the Isl and 2nd power SLip|ily sections may make the 1st 
and mter-eleclrode | of the 2nd pan' | generate |ilasma electric discharge, 

|0{116| Moreover, the frequency contains a l.'^vfriMl 1/ radio wave, a high RF (VI lb. do/ens of Ml I/), or ultrahigh frequency 
(IJl lb, hundreds of Ml 1/) that what is necessan is |ust to be m the band of a radio wa\ e - ultrahigh liequency, 
1 001 7 1 Moreover, although the 1st and 2nd ]iow er supph sections cam out pulse modulation of the high-frequency \ oltage and 
impress it to inter-electrode, the modulation pulse is controlled so that ON time does not lap mutually. By this, ev en if it incieases 
the pow er of plasma electric discharge, the 1st and the 2nd-|iair inter-eleclrode plasma electric discharge do not cany out a 
mutual interference, therefore unu.sual electric discharge is ])re\ ented, 

|001 S| In this case, the ( )N time of a modulation jiulse should be m the range for I - 100 micro.seconds. and Ob i-' time should ju.st 
be in the range lor 5 - 500 micro.seconds. Moreover, if the dutv ratio of |iulse modulation is 20% or less, its prev ention elTect of 
unusual electric discharge is .still more remarkable, 
100191 

|l:xample| 1 lereafter. based on the example show n m a drawing, this invention is explained concretely. Drawing 1 is composition 
ex]ilanatoiT draw ing ol' im electron device manufacturing installation, and draw ing 2 show s the timing chart of the modulation 
|uilse impressed to mter-electrode | of this equi]iment |. This electron device manufacturing installation is used as plasma CVD 
equi]inient, 

|0020| As shown m drawing 1 . the cathode electrodes 3 A and .IB are an anged mside the vacuum housing 1 at anode electrode 
2A and 2B of two sheets, and them and parallel. The substrates (wi)ik]iiece-ed) 6A and 6B to ]irocess are installed on cathode 
electrode 3 A and .'iB, 'fhe cathode electrodes .'^ A and .'^B are electrically grounded by the \ acuum housing 1 . and the potential is 
grand level. 

|0021 1 Moreover, the gas inlet 7 is foniied m the upper |iail of a vacuum housing 1 . and malerial gas is introduced into a vacuum 
housing 1 thR)ugh a bulb I 1 and a gas mlet 7 fixim a bomb 10, l:vacuation of the gas in a vacuum housing 1 is caiTied out through 
a main valve S bv the vacuum pump 

|0022| 0]iening of the center of a right-and-left wall iif a vacuum housing 1 is earned out electricallv. it lets this opening ]iass. 
and the ]iulse modulation Rb ]iovver genei"atu)n sources 4A and 4B are connected to anode electrode 2A and 2B. respectivelv. In 
addition, anode electrode 2.'\ and the modulation ]iulse tram mi]iressed to each 2B are controlled bv the pulse signal delav circuit 
5 so that a "on" ]ieriod does not hi|i, 

[002,1 1 1 leie. the cross section w itli the as parallel si/e of a v acuum housing I as an electrode side is 1 6nix 1 6m The si/e of 
anode electrode 2A. 2B. and the cathode electrodes 3A and is 700mm angle, 

|0024| Moreover, the mixed gas of a silane and hvdrogen is used as material gas, I'or Rb frequencv. the ( )N time i)f 27. 1 2M1 1/ 
and a modulation pulse is | lOmicrosec and the dutv ratio ot the electric discharge parameter to be useil | 20';{i. respectiveh , 
|002s| Plasma electric di.scharge is generated between electrode 2A-6,'\ and among electrode 2H-6B. introducing material gas 
into a vacuum housing 1 on such conditions, and membrane formation processing which forms an a-Si 1 1 film on substrate 6.'\ and 
(T-i IS |ieiformed. When the "on" period of anode electrode 2y\ and the modulation pulse tram impressed to e;ich 2B w as piled up 
at this time, unu.sual electric discharge i)ecuiTed | electric di.scharge power | in 500W, 

|0026| 1 lovvever. the electric discharge (an anode electrode aiul cathode mtei -eleclrode electric di.scharge) normal to 950W of the 
|ilace and electric discharge power with v\hich onlv 25iiiicni sec shifted the "on" |ieiiod of a pulse tram v\as attained 1 herel'ore. 
according to this equipment, when |irocessing two substrates sinuiltaneouslv. high-speed membrane finmation can be attained, 
and improvement in mass-production nature can be aimed at 

|0O27| .Mtliough this example ex|ilained the ease v\heie an electron dev ice maiuit'actunng installation was ap]ilied to |ilasma 
C\T") equi|iment. it can appiv also about the plasm.i dn etching svstem to which a |ilasnia particle and the active species bv 
|i|asma excitation +♦ + + + ** + + * t',!,,] same elTect as the abov e can be done so 

|002S| 

Ib.lk'ct of the liiventioni In a|i|ilving an electron device manufacturing installation to plasma C\T) et]ui]iment. when jiroccssmg 
two or more sub.strates using two or more pairs ot'eleciiddes according to this inv ention. the processing speed jier one jiair of 
electrode does not tall, but the niass-productioii nature of these electron ilev ices can be im|irov ed in electronic industrial I'lelds 
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iisiiijj the a-Si:l 1 sysIlmh tliin lilni. such as a solar batten and a h(.|Uki eiAslal dis|ila\ clement, as a result When similarl\ a plasma 
iviiiicl,' :in,) ill.' -i.-iiv,. ~.ii._>.;!c-- !^>.- plas.iv.a exj'.lat;;!:; appl'/ a Tilii'. t.'. tlie iMa..;'ii.. ^;>_Iiiiij. ^v.^'n-m ivlin-u 
niass-pnidiietion nature, sueii as a liquid cn stal displa\ element, can be im|iii)\cd. 
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DHSCRIPTIONOFDRAWINCS 



I Brief Description of the Drawings] 

I Drawing 1 1 It is composition cNplaiiaton drawing showing the e\ani|ile in the ca.sc of ap|il\ing the electron device 
nianufacluring installation of this invention to plasma CVl) e(|Lii]iincnt. 

- I 'I Ih'-' liiiiiiig diagram w hich shows the niodulation pulse shape applied to the example of this un ention 
I Description of Notations] 

I Vacuum I lousing 
2A, 2H Anode electrode 
.lA, 3B Cathode electrode 

4A. 4B Pulse modulation Rl'-electrode generation source 
5 Pulse Signal Delay Circuit 
()A, 6B Substrate 

7 Gas hilet 

8 Mam Vah e 

9 Vacuum Pump 

10 Bomb 

I I Bulb 
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